ABSTRACT. In this study, we analyzed single nucleotide polymorphisms (SNP) in urate transporter genes to examine the pathogenesis of gout. We conducted a 1:1-matched case-control study that included 110 patients with acute gout attacks as the patient group and 110 healthy age-and gender-matched subjects as the control group. Clinical parameters were recorded and blood biochemistry tests were conducted for both groups. Multivariate logistic regression analysis was used to analyze the data. Hyperuricemia, hypercholesterolemia, and hypertriglyceridemia were found to be the main risk factors for the onset of gout, with relative risks of 29.2 (P < 0.001), 25.5 (P = 0.003), and 11.2 (P < 0.001).
INTRODUCTION
Gout is a purine metabolic disorder that causes elevated serum uric acid or urate deposition in the tissues because of reduced uric acid excretion, which mainly occurs in cases of gouty arthritis, gouty nephropathy, and gouty kidney stone. Repeated acute gouty arthritis involves arthritis attacks, severe pain, and degeneration of the first metatarsophalangeal joint (Rafey et al., 2003) . Uric acid is the end product of purine metabolism in humans (Kanellis and Kang, 2005; Dehghan et al., 2007; Ford et al., 2007) . Genetic disorders of uric acid leading to hyperuricemia were shown to be associated with several factors, including a high purine diet, alcohol consumption, high fructose intake, purine metabolism, and impaired renal excretion of uric acid (Yang et al., 2010; Charles et al., 2011) . It is important to understand factors affecting uric acid levels and improve the treatment of hyperuricemia to control uric acid levels in the blood. The level of uric acid is higher in humans than in other species because of higher uric acid invertase activity (Cummings et al., 2010) . Serum uric acid levels depend on purine metabolism. Purines are consumed in food, produced by damaged cells when DNA and RNA purines are released, and secreted through intestinal secretion and uric acid reabsorption. Decreased renal excretion of uric acid contributes to increased serum uric acid levels. Uric acid anion transporters are expressed in the renal proximal tubule, and genetic variation in the coding transporter gene may result in hyperuricemia. To increase the understanding of genetic factors affecting uric acid levels, we examined 110 gout patients and 110 healthy controls of Han Chinese nationality to determine the minimum allele frequency in 9 single nucleotide polymorphism (SNP) loci of urate transporter genes.
MATERIAL AND METHODS

Subjects
We selected 110 gout patients between October 2012 and April 2013 who experienced a gout attack and visited our hospital. The patient age range was 20-69 years, with an average age of 51.5 ± 11 years. There were 107 males and 3 females. The control group included 110 healthy subjects who were 20-70 years of age, with an average age of 50.5 ± 12 years. There were 102 males and 8 females in the control group. There were no significant differences between the case group and the control group regarding gender and age (P > 0.05). This study was conducted in accordance with the Declaration of Helsinki and with approval from the Ethics Committee of the Second Military Medical University. Written informed consent was obtained from all participants.
SNP site selection
Previous meta-analyses identified SNP sites involved in determining the serum uric acid level (Kolz et al., 2009; Stark et al., 2009) , and the selected sites are shown in Table 1 Peripheral blood samples were acquired from the 110 gout patients and 110 healthy controls. An extraction kit was used to extract genomic DNA from whole blood (Beijing Biodev-Tech Scientific & Technical Co., Ltd., Beijing, China). The SNaPshot method was used according to the SNaPshot multifunctional kit instructions (Applied Biosystems, Foster City, CA, USA).
Statistical analysis
Data were analyzed using SPSS v. 20.0 (SPSS, Inc., Chicago, IL, USA), and the chi-square test was used for statistical comparison between groups to identify significant differences.
RESULTS
Nine SNP loci
We examined 2 groups of blood specimens for polymorphisms in 9 loci of uric acid transporter genes, and the corresponding sites were divided into different types (Table  2) . Among the examined SNPs, the 3 genotypes in the rs2231142 site of ABCG2, G/G, G/T, and T/T, were found in 22, 49, and 26 patients, and in 54, 38, and 9 control subjects, respectively. The number of subjects with the G/T and T/T genotypes for the rs2231142 locus in the patient group was higher than that in the control group, suggesting that these 2 genotypes may be pathogenic susceptibility genotypes. Statistical analysis showed a statistically significant difference between the 2 groups (P < 0.001). The odds ratio value and 95% confidence interval for the rs2231142 genotypes are shown in Table 3 . The other sites showed no statistically significant difference in genotype distribution between the two groups (P > 0.05).
DISCUSSION
Gout involves an increase in uric acid, which is the end product of purine metabolism in the human body, and occurs because of the lack of uric acid enzyme, degradation of uric acid allantoin, and uric acid salt for eventual excretion by the kidneys. Serum uric acid levels reflect the formation and excretion of uric acid (Wu et al., 2008; Kolz et al., 2009; Stark et al., 2009) . The complex process of renal excretion of uric acid has been extensively examined in a number of studies. The excretion of uric acid occurs in 4 steps, through glomerular, renal proximal tubular reabsorption and secretion, and renal tubular resorption. Studies suggest that during glomerular filtration of uric acid, nearly all absorption, secretion, and reabsorption of uric acid represent only about 10% of the discharge in vitro.
ATP-binding cassette, sub-family G, member 2 (ABCG2) is an ATP-binding cassette half-transporter whose gene is located on chromosome 4q22 and is expressed in the placenta, pharynx, bladder, brain, intestine, and kidney. Matsuo et al. (2009) found that in 161 gout patients, 80% showed ABCG2 mutations that decreased uric acid secretion, increasing the risk of gout by 26-fold. ABCG2 is mainly expressed on the proximal side of luminal membranes, and must be the same type of 2-mer to function in the transport of uric acid.
In a study of subjects from Italy and the United Kingdom, serum uric acid levels were significantly influenced by glucose transporter 9 (GLUT9) sequence variation . GLUT9 in the kidney and liver functions to transport uric acid and fructose. In this study, we found expression of the A/A and G/A genotypes for the SNP rs3733591 of the GLUT9 gene in both cases and controls, with no statistical difference between the groups. A genome-wide association study showed that this may be related to the 2 loci of CHB lower.
Urate transporter 1 (URAT1) is the main transporter involved in uric acid reabsorption in the luminal membrane. Epithelial cells on the proximal convoluted tubule side specifically express URAT1, causing uric acid reabsorption from the renal tubular lumen and epithelial cells, which is critical for maintaining blood uric acid levels of the ion channel (Vitart et al., 2008) . Shima et al. (2006) Table 3 . OR value and 95%CI between the two groups in the rs2231142 site. Table 2 . Case and control groups of genotypes in ten sites.
which encodes URAT1 in 326 Japanese subjects, and found a significant association between the GG genotype and hyperuricemia. Clinical reabsorption and excretion of uric acid by the URAT1 agents probenecid, sulfinpyrazone, benzene bromine malone, and NSAIDs interfere with uric acid excretion (Shima et al., 2006) . SLC16A9 encodes MCT9-related sites of rs12356193, and SLC17A3-encoded URAT1 loci containing rs1165205 have been shown to be associated with uric acid concentration (Enomoto et al., 2009) . However, in our study, SNP site scanning results from these genes showed no statistically significant difference between groups. Enomoto et al. (2009) suggested that the SLC2A9 coding gene loci rs734553 and rs6855911, encoded by the ABCG2 gene locus rs2231142, was closely associated with gout.
Expression analysis of the rs2231142 locus of the ABCG2 gene in a Han Chinese population with gout showed that the T/T genotype may be an important risk factor of gout, while expression of the G/G genotype may be a protective factor. No clear correlation was observed for the other 8 loci examined.
